The model of impaired glial-neuronal interactions in schizophrenia is based on the core hypothesis that nonfunctional astrocyte receptors may cause an unconstrained synaptic information flux such that glia lose their modulatory function in tripartite synapses. This may lead to a generalization of information processing in the neuronal networks responsible for delusions and hallucinations on the behavioral level. In this acute paranoid stage of schizophrenia, non-functional astrocytic receptors or their loss decompose the astrocyte domain organization with the effect that a gap between the neuronal and the glial networks arises. If the illness progresses the permanent synaptic neurotransmitter flux may additionally impair the oligodendrocyte-axonic interactions, accompanied by a "creeping" decay of oligodendroglia, axons and glial gap junctions responsible for severe cognitive impairment. Here we may deal with after-effects caused by the basic fault of information processing in tripartite synapses. The gaps between the neuronal and glial networks prohibit the neuronal reality testing of intentional programs presumably generated in the glial networks, called schizophrenic dysintentionality. In non-schizophrenic delusions glia may not be disturbed, but exhausted extrasynaptic information processing may cause an unconstrained synaptic flux responsible for delusions.
Introduction
The brain is basically equipped with two cell systems, the neuronal and the glial cell system. Meanwhile, the modifying function of glia in their interaction with neurons is experimentally verified. This concerns both physiology and pathophysiology [1] . Therefore, it seems necessary to search for impairments in glial-neuronal interactions that may be responsible for the pathophysiology of schizophrenia. Meltzer [2] challenged psychiatric research by posing the question how long schizophrenia will exist as an entity and what will be its future name or names, since this is diffcult to predict. Here, I propose a pathophysiological model of schizophrenia that attempts to show that Bleuler's term may be appropriate. Disconnections in the neuronal networks in and between areas of brains with schizophrenia are experimentally well established [3] . The underlying disconnection hypothesis states that schizophrenia can be understood both in cognitive and pathophysiological terms as a failure of proper functional integration within the brain [4] . Accordingly, schizophrenia may be best understood in terms of abnormal interactions between different brain regions [5, 6] .
However, structural, molecular and functional changes in glial cells (astrocytes, oligodendrocytes and microglial cells) have become a major focus of interest in search for the pathophysiological foundations of schizophrenia. Many studies show abnormalities in the connecting elements between the nerve cell bodies (synapses, dendrites and axons) and in all three types of glial cells [7] . The findings of white matter abnormalities [8, 9] suggest a focus on glial-neuronal interactions in schizophrenia re-search. Moreover, a deeper insight into the etiopathophysiology of this severe disorder is dependent on the underlying brain model from which the abnormalities are deduced. Schizophrenia is a complex illness that requires a reappraisal of exclusively neuronal models to include an astrocytic hypothesis of dysfunction which could lead to a better understanding of schizophrenia on the behavioral level and could even provide novel treatment strategies [10] .
Hypotheses
My core hypothesis is this: astrocytes are equipped with receptors for the various neurotransmitter substances. The occupancy of these receptors by neurotransmitters activates the release of gliotransmitters from the astrocyte modulating neuronal synaptic transmission. This may basically occur by occupying cognate receptors for gliotransmitters on the presynapse such that the synaptic information processing is temporarily turned off. If the receptors on astrocytes are non-functional or cannot even be expressed, an unconstrained synaptic flux arises. Since each astrocyte via its processes contacts a distinct amount of synapses generating a glial-neuronal domain, in the case of non-functional astrocytic receptors the domain organization decomposes. Hence, the basic pathophysiological fault of schizophrenia may be caused by synaptic gaps between the neuronal components and the astrocyte.
In the acute delusional stage of the illness no significant network impairments may occur, but the functional separation between the neuronal and glial networks on the synaptic level may lead to uncontrolled synaptic information processing. Since the astrocyte domain organization is interrupted, the information processing generalizes in both networks which may be responsible for delusional misinterpretations of a given reality in the environment. In parallel, the unconstrained synaptic transmitter flux may impair oligodendrocyte-axonic interactions leading to the decay of both oligodendroglia and axons which may explain the cognitive and emotional defects of schizophrenics in the progressive stage of the illness. Supposing that in the glial networks intentional programs may be generated which are tested in the neuronal networks regarding their feasibility in the environment, a brain with schizophrenia is unable to do so because of the synaptic separation between the neuronal and glial networks. One can speak of schizophrenic dysintentionality.
What non-schizophrenic delusions concern, these may be based on a different pathophysiology. Astrocytes also exert a modulating function in extrasynaptic neurotransmission via the activation of inhibitory interneurons that negatively feed back to the presynapse. If, for various reasons (e.g. stress), a synaptic neurotransmitter flooding occurs, although the astrocytic receptors are normally expressed an unconstrained information flux as in schizophrenic delusions may occur, but these are caused by a disturbance of the extrasynaptic negative feedback mechanism. Before further elaborating on these hypotheses, the underlying brain model will be outlined.
Brain Model of Glial-Neuronal Interactions

Description of the Networks
The proposed biological brain model is based on glialneuronal interactions [11, 12] . The nervous tissue of the brain consists of the neuronal system (neurons, axons, dendrites) and the glial system (astrocytes, oligodendrocytes with myelin sheaths enfolding axons, radial glia, and microglia). Experimental results are inspiring a major reexamination of the role of glia in the regulation of neural integration in the central nervous system [13] . Figure 1 shows a schematic diagram of the glial-neuronal interaction: two astrocytes (Ac 1,2 ) are shown in this very simple model, whereby in each case only one neuron (N 1,2 ) belonging to an astrocyte is taken into consideration. [14] identified how a single astrocyte contacts only four to eight neurons, but 300 to 600 synapses via its processes. The glial network (syncytium) consists in this schema of two astrocytes and two oligodendrocytes (Oc 1,2 ) interconnected via gap junctions (g.j.). The neuronal system shows two neurons (N 1,2 ) with two afferent axons (Ax i,j ) and two afferent axodendritic synapses (Sa i,j ), two efferent axons (Ax 1,2 ) with myelin sheaths (Ms) and a node of Ranvier (N.R.), as well as two dendro-dendritic synapses (Sd 1,2,3,4 ) with the corresponding dendrites (D 1 D 2 ;D 3 D 4 ). In addition, a decrease of calcium (Ca 2+ ) in the extrasynaptic space (exsyspace) activates astrocytes that negatively feed back to the synapse [15] .
Outline of an Astrocytic Syncytium
Different connexins allow communication between diverse cell populations or segregation of cells into isolated compartments according to their pattern of connexin expression. Gap junctions are composed of hemichannels (connexons) that dock to each other via their extracytoplasmic extremities. Each hemichannel is an oligomer of six connexin proteins (Cx). In the central nervous system, cell-specific and developmentally regulated expression of eight connexins has been demonstrated [16] .
My hypothesis focuses on gap junctions between astrocytes, the main glial cell type besides oligodendrocytes and microglia. Gap junctions are considered to provide a structural link by which single cells are coupled to build a functional syncytium with a communication behavior that cannot be exerted by individual cells. Gap junctions of an astrocytic syncytium consist of the four identified connexins Cx43, Cx32, Cx26 and Cx45, forming homotypic (i.e. gap junction channels formed by hemichannels of the same kind) and heterotypic gap junction channels (i.e. formed by hemichannels of different kinds). Whereas astrocytes are interconnected with their neighbors via gap junctions, the interactions of astrocytes with neurons occur mainly in synapses called tripartite synapses [17] . Figure 2 shows a diagrammatic scheme depicting an astrocytic syncytium. Six astrocytes (Ac 1 …Ac 6 ) are completely interconnected via fifteen gap junctions (g.j.) according to the formula n:2(n−1). Each astrocyte contacts a neuronal synapse, building a tripartite synapse in the sense of a glial-neuronal unit. Admittedly, this simple diagram refers only to the elementary components and their connections in an astrocytic syncytium.
Since in the brain each macroscopic gap junction is an aggregate of many, often hundreds of tightly packed gap junction channels are observed [18] . The number and composition of gap junctions can be dynamically regulated at the level of the endoplasmic reticulum by either upregulating connexin biosynthesis or decreasing the rate of connexin degradation, and at the cell surface by enhancing gap junction assembly or reducing connexin degradation.
Model of a Glutamatergic Tripartite Synapse
The close morphological relations between astrocytes and synapses as well as the functional expression of relevant receptors in the astroglial cells prompted the appearance of a new concept known as the tripartite synapse, and which I call glial-neuronal synaptic unit (GNU). Araque et al. [17] showed that glia respond to neuronal activity with an elevation of their internal Ca 2+ concentration which triggers the release of chemical transmitters from glia themselves, and, in turn, causes feedback regulation of neuronal activity and synaptic strength. Although a true understanding of how the astrocyte interacts with neurons is still missing, several models have been published [14] . Here, I focus on a modified model proposed by Newman [19] . Figure 3 represents the interaction of the main components of synaptic information processing as follows: sensori-motoric networks compute environmental information activating the presynapse (1). The activated presynapse releases glutamate (GL) from vesicles (v) that occupy both postsynaptic receptors (poR) and receptors on the astrocyte (acR) (2) (For the sake of clarity, only one receptor is shown). Moreover, glutamate may also activate gap junctions (g.j.) in the astrocytic syncytium leading to an enhanced spreading of Ca 2+ waves (3). In . GLU also activates gap junctions (g.j.) in the astrocytic syncytium, enhancing the spreading of Ca 2+ waves (3). In parallel, the occupancy of acR by GLU also activates Ca 2+ within the astrocyte (4). This mechanism exerts the production of GLU (5) and adenosinetriphosphate (ATP) (6) within the astrocyte, now functioning as gliotransmitters. Whereas the occupancy of the extrasynaptic pre-and postsynaptic receptors by GLU is excitatory (7), the occupancy of these receptors by ATP is inhibitory (8). In addition, neurotransmission is also inactivated by the reuptake of GLU in the membrane of the presynapse mediated by transporter molecules (t) (9). ATP inhibits the presynaptic terminal via occupancy of cognate receptors (prR) temporarily turning off synaptic neurotransmission in the sense of a negative feedback (10). Synaptic information processing is transmitted to neuronal networks activating the synapse again (11).
parallel, the occupancy of the astrocytic receptors by glutamate also activates Ca 2+ within the astrocyte (4). This mechanism exerts the production of glutamate (5) and adenosine triphosphate (ATP) (6) within the astrocyte, now functioning as gliotransmitters. Whereas the occupancy of extrasynaptic pre-and postsynaptic receptors by glutamate is excitatory (7), the occupancy of these receptors by ATP is inhibitory (8) . In addition, neurotransmission is also inactivated by the reuptake of glutamate in the membrane of the presynapse mediated by transporter molecules (t) (9) . Most importantly, ATP inhibits the presynaptic terminal via occupancy of cognate receptors, temporarily turning off synaptic neurotransmission in the sense of negative feedback (10) . Finally, synaptic information processing is transmitted to neuronal networks that can activate the synapse again (11) .
In spite of evidence that astrocytes release glutamate by a Ca 2+ -dependent vesicule mechanism that resembles release from neurons, important differences between glial and neuronal release exist. Glutamate release from astrocytes occurs at a much slower rate than does release from neurons, and it is probably triggered by smaller increases of cytoplasmic Ca 2+ . Importantly, we apparently deal with different time scales of presynaptic and astrocytic glutamate release. Here, the astrocytic modulatory function of synaptic neurotransmission may occur within seconds or minutes [20] . I hypothesize that the duration from presynaptic activation to the inhibition of synaptic neurotransmission may also be dependent on the amount of astrocytic receptors that must be occupied by glutamate. This mechanism may be based on the occupancy probability of astrocytic receptors by glutamate releases from the presynaptic terminal. In addition, the release of ATP from astrocytes may also be dependent on a comparable mechanism. Accordingly, in GNU's glia may have a temporal boundary-setting function in temporarily turning off synaptic transmission [11, 21] .
Outline of an Astrocyte Domain Organization
In all mammals, protoplasmic astrocytes are organized into spatially non-overlapping domains that encompass both neurons and vasculature. An astrocyte domain defines a contiguous cohort of synapses that interacts exclusively with a single astrocyte. Synapses within a particular territory are thereby linked via a shared astrocyte partner, independent of a neuronal networking [22] . Single protoplasmic astrocytes operate as a "Lokal Hub" [23] . Figure 4 shows an outline of an astrocyte domain organization. An astrocyte (Ac x ) contacts the synapses (Sy) of four neurons (N 1 …N 4 ) via its processes (P 1 …P 4 ). Each process is equipped with one to four receptor qualities (Rq). For example, P 1 contacts the synapses of N 2 exclusively via its receptors of quality a. P 2 has already two receptor qualities available (a, b), P 3 three receptor qualities (a, b, c) and P 4 is able to contact the synapses of N 1 via four receptor qualities (a, b, c, d). Astrocyte (Ac x ) is interconnected with another astrocyte (Ac y ) via gap junctions (g.j.) forming an astrocytic network (syncytium). The neurons per se are also interconnected (neuronal network). It is experimentally verified that astrocytes can express almost all receptors for important transmitter systems. In certain cases, individual astroglial cells express as many as five different receptor systems linked to Ca 2+ mobilization [24] . Each astrocyte territory represents an island made up of many thousands of synapses (about 140.000 in the hippocampal region of the brain, for instance), whose activity is controlled by that astrocyte [25] . On the average, human astrocytes extend 40 large processes radially and symmetrically in all directions from the soma so that each astrocyte supports and modulates the function of roughly two million synapses in the cerebral cortex [22] . Astrocytic receptors are mainly located on the endfeet of the processes. Here, we apparently deal with a high combinational complexity of astrocyte-synaptic interactions [26] .
Oligodendrocyte-Axonic Interactions
For normal brain function it is essential that signals pass rapidly between neurons. Oligodendrocytes play an important role in assuring fast neuronal signaling in the central nervous system. By covering neuronal axons with myelin which decreases the effective axonal membrane capacity, they reduce the charge needed to depolarize the axon and hence allow the action potential to travel much faster by saltatory conduction from one node of Ranvier to the next.
During development, oligodendrocytes are generated from precursor cells. These initially differentiate into immature cells that put out processes seeking axons to myelinate, and eventually they form mature cells with parallel processes myelinating up to 30 different axons. The production of myelinated axons requires a precise matching of the number of oligodendrocytes generated to the length of axons to be myelinated [27] . This may be regulated in part by neurotransmitter receptors activated by substances released by active axons. Such interactions may also be important for maintaing the myelination of mature axons. Thus, neurotransmitter receptors play an important role in the life and death of oligodendrocytes [28, 29] .
Impulse activity in axons affects the development of oligodendrocytes, and thus myelination. Some of the effects of impulse activity inhibit myelination and some stimulate it. Here, the question arises as to how oligodendrocytes know which axons are electrically active. Three mechanisms have been identified that regulate N 1 …N 4 ) . Each process is on its endfoot equipped with receptors for the occupancy with neurotransmitters according to a combinational rule [26] . As an example, the receptor P 1 contacting N 2 embodies only one receptor quality (Rq a). myelination or the development of myelin forming glia in response to electrical stimulation of axons in vitro [30] . Specific frequencies of electrical impulses control the amount of L1CAM present on unmyelinated axons, a cell adhesion molecule that is necessary for myelination [31] . The neurotransmitter adenosine 5'-triphosphate (ATP) is released from axons and activates receptors on astrocytes, causing them to release the leukemia inhibitory factor that stimulates myelination by mature oligodendrocytes [32] . Adenosine derived from hydrolysis of released ATP promotes oligodendrocyte precursor cell development and thus increases myelination [33] . Moreover, a nonsynaptic mechanism for ATP release from axons has also been identified [34] .
Glial Modulating Function in Extrasynaptic Neurotransmission
Rapid signal exchange between astroglia and neurons across the interstitial space emerged as an essential element of synaptic circuit functioning in the brain [15, 35] . The excitatory neurotransmitter glutamate and the inhibitory neurotransmitter GABA are thought to be the basic transmitters that are regularly from the presynapse occupying cognate receptors on the surface of astrocytes [21] . Recently, extracellular calcium ions (Ca 2+ ) have been identified that can report neuronal activity to astroglia [36] . Astrocytes in the hippocampus can respond to activity-induced partial Ca 2+ depletion in the extracellular space by generating prominent intracellular waves. The underlying Ca 2+ sensing mechanism may involve the opening of the hemichannel connexin 43 in the astrocytic syncytium which in turn triggers the release of adenosine triphosphate (ATP), enhancing the activity of inhibitory interneurons, thus, potentially exerting negative feedback.
This mechanism significantly reduces excessive excitatory activity of neuronal circuits ( Figure 5) .
Here we deal with a new mechanism of the glial temporal boundary setting function [11] . Whereas astrocytes are capable of turning off synaptic neurotransmission by occupying receptors with gliotransmitters, in extra synaptic neurotransmission an indirect pathway activating inhibitory interneurons through astrocytic ATP release is at work exerting a negative feedback on the presynapse [37] . This mechanism may play an important role in disorders with synaptic hyperexcitability as epilepsy or even non-schizophrenic delusions (see below).
Pathophysiological Model of Schizophrenia
The core symptoms of schizophrenia can be divided into positive and negative symptoms, with the former including hallucinations, delusions, and disorganization, and the latter including anergia, flattening of affect, and poverty of thought content accompanied by significant disturbances in cognitive function [2] . Hypotheses concerning the etiology of schizophrenia comprise biological, psychological and sociological approaches [38] [39] [40] [41] . Generally one can explain delusions and hallucinations in terms of a "loss of ego-or self-boundaries in the sense of an inner/outer confusion" [42] [43] [44] .
Non-Functional Astrocytic Receptors Cause Astrocytic Domain Decomposition
Let me attempt to show how it may be possible to deduce the main schizophrenic symptoms from an unbalanced tripartite synapse. If the glial receptors are totally nonfunctional and therefore cannot be occupied by neurotransmitters, the system is unbalanced. Figure 6 depicted, the glial receptors (glR) are non-functional (crosses) and cannot be occupied by neurotransmitters (NT), so that the activation of the gliotransmitters (GT) is impossible. Hence, they cannot negatively feedback to the receptors on the presynapse (prR) and are unable to depolarize the postsynaptic neuron. As a consequence, the glia lose their inhibitory or boundary-setting function and the neural transmitter flux is unconstrained, as the flux of thought on the phenomenological level.
As in
As already described, synaptic glial-neuronal interactions are organized into astrocyte domains. Non-functional astrocytic receptors decompose the glial network from the neuronal one causing a gap between the two. Thus, the term schizophrenia is correct in view of this pathophysiological model. Figure 7 represents a simple diagram of this network decomposition.
Because the astrocyte domain organization may be significant for qualitative information structuring in the brain [26] , its decomposition leads to a generalization of information processing in the neuronal networks. Thus, schizophrenics cannot recognize qualitatively different features of subjects and objects but instead they must think in general cases. This cognitive incapability may cause a misinterpretation of a given reality in the sense of delusions and hallucinations. One may argue that a glial determination of neuronal networks into functional units is not necessary because the neuronal system is compartmentalized per se. However, according to my view, there is a qualitative difference between the purely neuronal compartments and the glia-determined domains. Neuronal compartments may be merely functional for information processing, whereas glial-neuronal compartments may in addition have an information-structuring potency that we need for recognizing the qualitative differences between objects and individuals in our environment. That capacity may be lost in schizophrenic patients. Therefore, one can also speak of a loss of conceptual boundaries in schizophrenia.
Let me now deduce the main symptoms of schizophrenia from unbalanced tripartite synapses caused by nonfunctional glial receptors. Table 1 shows the basic schizophrenic symptoms [45] that may be caused by a loss of conceptual boundaries. This disorder can affect cognitive processes such as thinking. If a schizophrenic patient is unable to delimit conceptual boundaries among words, thoughts, or ideas with different meanings, then meaningless word constructs (neologisms) or disorganized speech are the typical phenomenological manifestations, called "thought disorder".
From an ontological point of view, delusions are the consequence of the loss of boundaries between the self and the others (nonselves). Here, the self is defined as a living system capable of self-observation [46] . One could also say that our brain embodies a distinct ontological locus of self-observation. Everything taking place in the brains of schizophrenic patients is reality because they cannot differentiate between their inner world and the outer world. Therefore, they cannot see ontological differences between the selves and the nonselves. This loss of ontological boundaries may lead to a delusional misinterpretation of reality. Hallucinations may be caused by the same disorder. However, the perception systems are phenomenologically affected. A schizophrenic who hears the voice of a person in his head is absolutely convinced that this person is really speaking to him. The loss of ontological boundaries or inner/outer confusion shows its phenomenological manifestation in the auditory system. Such a disorder can also occur in other sensory systems.
If the loss of boundaries affects the motor system in the brain, the symptomatology is called catatonia. A state of catatonic agitation in which a disinhibited discharge of nearly all motor systems occurs is an expression of motor generalization with raging and screaming as behavioral components. One could also say that the brain's inability to constrain information processing among motor modules appears in catatonic phenomena. Hence, the catatonic type of schizophrenia represents a serious disorder of motor behavior. Typical symptoms are excessive motor activity and motoric immobility (stupor). Both phenomena appear to be purposeless and not influenced by external stimuli. In such a catatonic state, a patient is unable to communicate. He or she cannot see the other. Everything that happens takes place in the brain of the patient.
Affective flattening is regarded as a negative schizophrenic symptom [47] . This symptom can also be explained as a loss of boundary setting. The different affective or emotional qualities cannot be produced within the brain, and the communication of feelings is disturbed as a result [48] .
Some Genetic Considerations
There is growing evidence of disease-related altered astrocyte gene expression. These findings suggest an imbalance of glutamate-glutamine cycle in the communication of neurons and astrocytes [49] . There is also evidence for a broad involvement of astrocytes in other aspects of the pathophysiology in schizophrenia [7] . However, if we focus on nonfunctional receptor proteins on astrocytes, an aberrant splicing may represent a genetic candidate mechanism. Aberrant or non-splicing causes truncated or chimeric proteins such that receptor occupancy is not possible. What the mechanisms of aberrant splicing concerns, significant findings have been reported [50] . Nonsense, missense, and even synonymous mutations can induce aberrant skipping of the mutant exon, producing nonfunctional proteins. If the exchange of nucleotides generates a synonymous codon that represents the same aminoacid as the original triplet, one speaks of a silent mutation. These mutations have erroneously been classified as nonpathogenic, but are now recognized as affecting the splicing machinery resulting in defective proteins. Aberrant splicing may play a decisive role in the pathophysiology of various diseases [51] . Why not in schizophrenia, as I hypothesized nearly a decade ago?
Recently, gene losses in the human genome have been identified [52] . These loss-of-function variants are located in human protein-coding genes. Somatic mutation and genomic variation may also play a role in neurological disease [53] . Since the first comprehensive, genomewide catalogue of variants likely to disrupt protein-coding genes is now available, this genetic approach could also be promising for the identification of nonfunctional receptors on astrocytes in brains with schizophrenia. Moreover, epigenetic factors may also play an important role. Epigenetics broadly refers to heritable changes in phenotype or gene expression caused by mechanisms other than changes in the underlying primary DNA sequence. Several major types of epigenetic mechanisms are DNA methylation, genomic imprinting, histone modifications, and expression control by noncoding RNA. Recent data suggest the influence of these epigenetic alterations in schizophrenia [54] .
Unconstrained Neurotransmission May Cause Demyelination
Generally, in pathological conditions neurotransmitters can be released excessively, damaging the cells they normally act on. Since oligodendrocytes have receptors for the various transmitters, neurotransmitter excess can cause demyelination [28] . Already in 1977 a study was published documenting severe breakdown of myelin in dogs injected with myelin [55] . In the grey matter of the brain the death of neurons in pathological conditions is often caused by a rise of extracellular glutamate concentration activating NMDA receptors and causing an excessive rise of Ca 2+ . Glutamate can also damage white matter oligodendrocytes. Concentrations of glutamate which alone are not toxic sensitize oligodendrocytes to subsequent complementary attack that inserts membrane attack complexes into the oligodendrocyte, allowing a toxic Ca 2+ influx to occur [56] . In line with the presented synaptic model of the pathophysiology of schizophrenia, an unconstrained flux of neurotransmitters occurs. This may hold for all the various neurotransmitter types. This unconstrained flux of neurotransmitters may affect oligodendrocytes either by flooding of their cognate receptors on oligodendrocytes, exerting a toxic Ca 2+ influx, or via a hyperactivation of axons with an excess of axonic ATP production and a consequent toxic effect on oligodendrocytes [29] (Figure 8) . In addition, ATP released from axons cannot activate astrocytic receptors, since they do not function. Therefore, a stimulation of myelination by mature oligodendrocytes is not possible. These pathological mechanisms may cause demyelination, as observed in brains with schizophrenia [57, 58] . Note, although decreased expression of oligodendrocyte-related genes has been identified [59] , it seems implausible that genetics alone could account for demyelination in schizophrenia [60] .
Moreover, the permanent hyperactivation of axons may also impair them so that neuronal networks disconnect. This may represent a possible mechanism that could at least in part be responsible for the disconnection of neuronal networks identified in brains with schizophrenia [29, 59] .
Loss of Oligodendrocytes May Cause a Decay of Gap Junctions in the Panglial Syncytium Responsible for Memory Impairment
Since gap junctions between astrocytes and oligodendrocytes are heterotypic, composed of special astrocytic connexins and different oligodendrocytic connexins, a loss of oligodendrocytes disrupts astrocyte-oligodendrocytic gap junctions in the panglial syncytium, leading to a "leaky" syncytium ( Figure 9) . Gap junctions form plaques that may embody memory structures [61] . Therefore, a loss of gap junctions may impair memory. In addition, genetic or (and) exogenous disorders can affect gap junctional plaque formation which may be the case in schizophrenia. In this context one could speak of a syncytiopathy in schizophrenia [62] . However, memory impairment may also be caused by a disorganization of neuronal networks [63] .
Schizophrenic Dysintentionality Based on a Severe Disorder of Glial-Neuronal Interactions
According to Frith [64] , schizophrenia can be explained by a failure to integrate the intention to act with the perceptual registration of the consequences of that action. At a neurobiological level this integrative abnormality might correspond to a failure to integrate signals from the (intentional) prefrontal regions and the (perceptual) temporal cortices. However, this is a pure neuronal view excluding the glial cell system. In further elaborating my theory of glial-neuronal interaction, I have hypothesized that the intentional or action programs of the brain may be generated in the panglial syncytium [12] . Based on a formal model it can be shown how glial syncytia compute in a highly combinatorial manner cycles of various lengths via gap junctions. These cycles are transferred in tripartite synapses to the neuronal system [65] . The neuronal system tests these intentional programs with regard to their feasibility in the environment. In feeding back the feasibility of intentional programs to the glial syncytium, learning processes can occur. For the clinically experienced psychiatrist it is evident that patients with schizophrenia are unable both to test their delusional programs and to realize these unrealistic intentions in the environment. I have named this disorder "schizophrenic dysintentionality" [66] . But let us consider the elementary pathophysiological mechanisms of schizophrenia as proposed. First of all, there is a break of information processing between the glial system and the neuronal system in tripartite synapses and also in the "orthogonal" oligodendrocyte-axonic interaction. In this view, the term schizophrenia (split of consciousness) is appropriate. In other words: a patient with schizophrenia is permanently stressed by a world of intentions that cannot be mediated via tripartite synapses to the neuronal system for reality testing. Such considerations could be explanatory with concern to recent findings of abnormalities in the white matter of the brain [67] . Supposing that a patient is under permanent pressure to realize his/ her intentional programs generated in the panglial syncytium, then the normal apoptosis could be accelerated or mutations in astrocytes and in the oligodendrocyte-myelin system could be activated. The effect is a decrease in white matter. Considering the loss of oligodendrocytes which are normally interconnected with astrocytes via gap junctions, the decay of oligodendrocytes must also destruct the panglial syncytium in the sense of an increasing loss of gap junctions. This loss of gap junctions may again destruct the capacity of the panglial syncytium to generate intentional programs.
Many patients with schizophrenia become increasingly psychobiologically exhausted in the chronic course of their illness, which is called schizophrenic residuum. Of course, the frequently observed disorders in neuronal networks may also play a role, but the destruction of the panglial syncytium leading to a dysintentionality per se, may be basically responsible for the negative view of life, as typically seen in the schizophrenic residuum. Most impressively, if the prefrontal cortex is severely affected, these patients are incapable of planning. Therefore, what they want is merely the satisfaction of simple biological needs (eating, drinking, smoking, getting money to buy something, etc.). One could also say that with the destruction of the panglial syncytium all kinds of destiny are broken down as well.
How could astrocytes react to this disaster? Reactive astrocytosis may be a compensatory attempt. Reactive astrocytosis occurs prominently in response to all forms of CNS injury or disease. Recent studies point to the role of reactive astrocytes in helping to limit tissue degeneration and preserve function after CNS injury [68] . So why not in schizophrenia? If one interprets the degeneration of the panglial syncytium caused by stress as a functional brain injury, then reactive astrocytosis may here exert the same mechanism. However, in schizophrenia astrocytosis may not only react to injuries of the neuronal system, but also attempt to generate a new astrocytic syncytium in reaction to the degeneration of the panglial syncytium. In this way the patient can generate intentional programs and keep a "touch of destiny" alive. This conjecture is experimentally testable, if one compares the degree of dysintentionality-defined as the ability to produce intentions or plans-of schizophrenic patients with and without reactive astrocytosis.
Finally, reactive astrocytosis can be seen in the light of the Astrocentric Hypothesis [61] . According to this hypothesis, astrocytes represent the core cells in the brain that not only control the glial-neuronal interaction, but also determine the functions within the panglial syncytium. Therefore, astrocytes may be capable-at least-to attempt repairing dysfunctions in the panglial syncytium, as may be the case in schizophrenia. Admittedly, the pertinent findings in brains with schizophrenia are contradictory. However, astrocytosis (astrogliosis) may not occur widespread in the brain [7] , but it could represent a local phenomenon.
Pathophysiology of Non-Schizophrenic Delusions
The pathophysiological mechanism of non-schizophrenic delusions may significantly differ from schizophrenic delusions. Let us focus on the extrasynaptic fluid, especially Ca 2+ ions, in information transmission. Astrocytes sense a decrease of Ca 2+ in the extrasynaptic space via Cx43 hemichannels and produce ATP that activates inhibitory interneurons, which negatively feed back to the presynapse. I hypothesize that if Ca 2+ is totally exhausted (e.g. by stress), the negative feedback mechanism cannot be generated. The exhaustion of Ca 2+ may be caused by hyperexcitable neurons flooding the synaptic neurotransmission. Importantly, the astrocytic receptors are normally expressed, but they cannot cope with the synaptic neurotransmitter flooding without an extrasynaptically generated negative feedback. Thus, in nonschizophrenic delusions an unconstrained information flux may also occur, but astrocytes per se may not be affected. Here, the brain operates in a holistic and not schizophrenic way. This pathophysiological mechanism could explain why patients with paranoid psychoses can mostly be successfully treated with antipsychotic drugs. Their blockade of postsynaptic receptors constrains neurotransmission such that astrocytes can work normally again. Although the neurons may remain hyperexcited, the Ca 2+ depletion is sufficient to activate the negative feedback mechanism described. In parallel, the astrocytic receptors are again able to modulate synaptic information processing, since they can cope with the amount of neurotransmitters and temporarily turn off synaptic information processing based on a negative feedback mechanism.
Conclusions
My model of impaired glial-neuronal interactions in schizophrenia is based on the core hypothesis that nonfunctional astrocytic receptors may cause an unconstrained synaptic information flux such that glia lose their modulatory function in tripartite synapses (Figure 10) .
This may lead to a generalization of information processing in the neuronal networks responsible for delusions and hallucinations on the behavioral level. In this acute paranoid stage of schizophrenia, nonfunctional astrocytic receptors or their loss decompose the astrocyte domain organization with the effect that a gap between the neuronal and the glial networks arises. If the illness deteriorates, the permanent synaptic neurotransmitter flux may additionally impair the oligodendrocyte-axonic interactions, followed by a "creeping" decay of oligodendroglia, axons, and glial gap junctions responsible for severe cognitive impairments. Here we may deal with aftereffects caused by the basic fault of information processing in tripartite synapses. Importantly, the same may hold true what the neuroinflammatory hypothesis [69] concerns. The activation of microglia observed in brains with schizophrenia could represent a reaction to the decay of nervous tissue described and not a primary pathophysiological mechanism of schizophrenia.
Currently, post mortem brains with schizophrenia are investigated with Storm microscopy, a method that achieves resolution below the optical diffraction limit (University of Applied Sciences, Linz, Austria). Whereas in the prefrontal cortex of normal brains big amounts of receptors located on the processes of astrocytes are found, in brains with schizophrenia astrocytic receptors cannot be identified in this region. Since these preliminary results concern only serotonergic receptors in the prefrontal cortex, further investigations of other receptor types on astrocytes in pertinent brain regions is necessary. Should it be possible to verify the central role of astrocytic receptors in the pathophysiology of schizophrenia, then a diagnostic marker would be available, if an in vivo iden- tification is possible as well.
